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Saturday, February 2, 2013 5aaffinity despite drastic conformational changes. The results are important for
understanding the fundamental principles and underlying forces that generate
movement within molecular machines.
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New Insight into Lipid-Protein Membrane Organization and its Function-
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Christian Eggeling1,2, Veronica Mueller3, Alf Honigmann3,
Debora M. Andrade3, Jorge Bernardino de la Serna2, Stefan W. Hell3.
1Dept Nanobiophotonics, Max Planck Institute for biophysical Chemistry,
Goettingen, Germany, 2Weatherall Institute of Molecular Medicine,
University of Oxford, United Kingdom, 3Max Planck Institute for biophysical
Chemistry, Goettingen, Germany.
Stimulated Emission Depletion (STED) far-field microscopy allows the study
of living cells with nanoscale resolution, otherwise impeded by the limited spa-
tial resolution of conventional microscopes. Besides the recording of images,
the combination of STED with single-molecule sensitive spectroscopic tools
such as Fluorescence Correlation Spectroscopy (FCS) discloses complex
dynamical processes hidden to the conventional observations. For example,
STED-FCS offers novel insights into important cellular processes, such as
lipid-lipid, lipid-protein interactions or the formation of so-called ‘‘lipid-rafts’’
in the cellular plasma membrane, and their role in cellular functionality.
Improved insights are realized by the implementation of gated detection or
by recording STED-FCS data during scanning.
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Proteins as Mechano-Chemical Signalling Switches
Viola Vogel, Prof. Dr.
Department of Materials heading the Laboratory for Biologically Oriented
Materials, ETH Zurich, Zurich, Switzerland.
Since the physical and biochemical properties of extracellular matrix provide
critical cues to bacteria and cells, from mechanoregulated bacterial adhesion
to angiogenesis, and finally to the differentiation of stem cells, it is of major
importance to gain mechanistic insights into how mechanical stretching of ex-
tracellular matrix molecules can alter various cell functions. While investigat-
ing these three distinct physiological processes, common motifs are emerging
how bacteria and cells take advantage of mechanical forces to regulate the func-
tion of proteins by stretching them out of their equilibrium structures. In this
context, new assays and techniques were developed that allow probing how
the stretching of proteins alters their structure-function relationships. Taken to-
gether, new insights into various underpinning mechanotransduction events are
emerging how mechanical cues are translated into biochemical signals that
ultimately regulate bacterial adhesion and various cellular processes.
Subgroup: Intrinsically Disordered Proteins
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Structural Studies on the Activation and Substrate Binding of a Condition-
ally Disordered Acid-Activated Chaperone
Linda Foit1, Bin Zhang2, Jenny George1, Lucia Brunetti2, Charles Brooks III2,
James C.A. Bardwell1.
1University of Michigan, Howard Hughes Medical Institute, MI, USA,
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HdeA is a 9.7kDa chaperone that is inactive at neutral pH but becomes activated
and disordered by shifts to low pH. The chaperone is required for bacterial path-
ogens to resist the acid-mediated protein aggregation that would otherwise occur
in the human gut.We sought to identifywhich of HdeA’s acid-titratable residues
were the key players in its activation. Using constant pH molecular dynamics
calculations and site-specific mutagenesis, we identified several residues in-
volved in HdeA activation and have isolated variants that are destabilized and
constitutively active at even neutral pH. These mutants help us to understand
how pH-driven changes in HdeA flexibility drive activation.
One of the pressing problems in chaperone biology is how chaperones interact
with a multitude of client proteins to facilitate their folding. HdeA’s size and
accessibility to NMR also makes it ideal for monitoring the structural changes
that take place in this chaperone upon activation and upon client binding. Our
predicted NMR structure of HdeA at neutral pH is a folded protein and very
similar the crystal structures previously solved for the HdeA dimer. Upon shift
to low pH however, HdeA simultaneously becomes active as a chaperone and
acquires a largely disordered conformation. We have obtained structural infor-
mation that gives us insights into HdeA’s activation process and client binding.
The use of small NMR accessible client proteins raises the exciting possibility
of monitoring the structural changes that take place within the client upon in-
teraction with the chaperone and in doing so gaining insight into the fundamen-
tal question of what chaperones do to their clients to facilitate folding.30-Subg
Alpha-Synuclein, an Intrinsically Unstructured Protein. How Interesting
Can It Be?
Alexander Maltsev, Jinfa Ying, Yang Shen, Ad Bax.
National Institutes of Health, MD, USA.
N-terminal acetylation of alpha-synuclein (aS), a 140-residue protein impli-
cated in the etiology of Parkinson’s disease, is common in mammals. The
impact of this modification on the protein’s structure and dynamics in free so-
lution and on its membrane binding properties has been evaluated by both
NMR and CD spectroscopy. While in contrast to literature reports, no tetra-
meric form of acetylated aS could be isolated, N-terminal acetylation resulted
in ca 15% transient population of alpha-helical structure for its first six residues.
The 1H, 15N, and 13C chemical shifts for residues 13-140 remain unaffected
by acetylation. Nevertheless, a substantial increase in affinity of aS for nega-
tively charged lipid membranes is observed, likely to be of strong functional
significance. A new method for residue-specific NMR probing of lipid binding
is demonstrated for aS and assigns a new putative function to this enigmatic
protein. Although free aS in the absence of lipids has backbone chemical shifts
that are exceptionally close to random coil values, considerable positional var-
iation for the distribution of its backbone torsion angles and the time scale of
local reorientation can be deduced from its 3JHH and NOE data.
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Intrinsic Protein Disorder in the Regulation of Large Molecular Machines
Elisar Barbar, PhD.
Biochemistry and Biophysics, Oregon State University, Corvallis, OR, USA.
We here report the molecular overlap of the linkage of three essential protein
complexes that coordinate the formation of the mitotic spindle. These proteins
are dynein, a large motor complex that moves machinery inside cells, and two
of its regulators: a protein complex called dynactin, that is a dynein activator,
and a protein called NudE whose depletion in mice produces a small brain and
mental retardation. What is intriguing about the dynein/dynactin/NudE inter-
play is that dynactin and NudE bind to a common segment of dynein that is
intrinsically disordered but with distinct binding modes. Elucidating details of
these distinct modes explains how one regulator is selected over the other
even when both are present in the same cellular compartment. UsingNMR spec-
troscopy and isothermal titration calorimetry we show that intrinsic disorder in
a specific segment of dynein intermediate chain promotes local modifications
like phosphorylation and splicing, promotes rapid equilibration of ensemble
components in solution samples of complexes with moderate to weak binding
affinities, and creates a bi-segmental binding site such that residue-level modifi-
cation in and near one segment haveminimal effect on the structure of the second
segment thereby aiding in segregatingof functions between twoconsecutive seg-
ments. These results underscore the role of disorder in the versatility of dynein
binding to different regulators, and have far reaching impact not only on our un-
derstanding of processes essential for formation and orientation of the spindle,
but also offer a novel role for protein disorder in controlling cellular processes,
and highlight the advantages of NMR spectroscopy in elucidating atomic level
characterization of extremely complex dynamic cellular assemblies.
32-Subg
Probing the Polymeric Properties of Unfolded and Disordered Proteins
with Single-Molecule Spectroscopy
Benjamin Schuler.
University of Zurich, Zurich, Switzerland.
Single-molecule spectroscopy provides new opportunities for investigating the
structure and dynamics of unfolded and intrinsically disordered proteins
(IDPs). The combination of single-molecule Fo¨rster resonance energy transfer
(FRET) with nanosecond correlation spectroscopy, microfluidic mixing, and
related methods can be used to probe their distance distributions and reconfigu-
ration dynamics on a wide range of time scales, and even in heterogeneous
environments. In view of the large structural heterogeneity of these systems,
a description in terms of polymer physical principles is often a usefulway of con-
ceptualizing their behavior. I will provide examples ranging from the influence
of amino acid composition and temperature on the structure and dynamics of un-
folded proteins and IDPs to the effects of crowding and molecular chaperones.
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A Long Disordered Linker in Nuclear Transport of Membrane Proteins
Liesbeth M. Veenhoff.
University Medical Centre Groningen, University of Groningen, Groningen,
Netherlands.
Nuclear Pore Complexes (NPCs) embedded in the nuclear envelope allow se-
lective transport of macromolecules between the cytosol and nucleoplasm.
Transport factors shuttle cargo though the NPCs by interacting with the disor-
dered proteins that encode the binding sites for the transport factors, the
6a Saturday, February 2, 2013FG-repeat domains. Also the traffic of integral membrane proteins between the
outer and inner membranes of the nuclear envelope occurs via the NPCs. Two
baker’s yeast proteins, Heh2 and Heh1 (Src1), rely on the transport factor
Kap60 and FG-repeat-proteins for their transport through the NPC1(1,2).
Heh1 and Heh2 feature a high affinity binding site for Kap60, that is spaced
from the transmembrane domain by a 180 or 235 amino acid long intrinsically
disordered linker. A clear relationship between linker length and transport to
the inner membrane was observed while randomizing the amino acid sequence
of the linker had no effect. We proposed that during transport the disordered
linker enables the interactions between the transport factor and FG-Nups by
dodging into the NPC, and extending the transport factor away from the mem-
brane. Ongoing work is aimed at testing the proposed transport mechanism, and
includes studying the relationship between the compositions of the disordered
linker regions, stokes radius, and transport.
1: King MC, Lusk CP, Blobel G. Nature. 2006 442(7106):1003-7.
2: Meinema AC, Laba JK, Hapsari RA, Otten R, Mulder FA, Kralt A, van den
Bogaart G, Lusk CP, Poolman B, Veenhoff LM. Science. 2011 333(6038):90-3.
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Acetylations of Lysines of the H4 Histone Tail Lead to Functionally Impor-
tant Remodeling of its Energy Landscape
Garagin Papoian, Davit Potoyan.
University of Maryland, MD, USA.
Histone tails, which are the terminal segments of the histone proteins, are in-
trinsically disordered proteins (IDPs) that are implicated in a variety of signal-
ing processes controlling chromatin organization and dynamics. Although
a large body of work has been done on elucidating the roles of post-
translational modifications in functional regulation of IDPs, molecular mecha-
nisms behind the observed behaviors are not fully understood. Using extensive
atomistic molecular dynamics simulations, we found in this work that H4 tail
mono-acetylation at LYS-16, which is a key covalent modification, induces
a significant reorganization of the tail’s conformational landscape, inducing
partial ordering and enhancing the propensity for alpha-helical segments. Fur-
thermore, our calculations of the potentials of mean force between the H4 tail
and a DNA fragment indicate that contrary to the expectations based on simple
electrostatic reasoning, the Lys-16 mono-acetylated H4 tail binds to DNA
stronger than the unacetylated protein. Based on these results, we propose a mo-
lecular mechanism for the way Lys-16 acetylation might lead to experimentally
observed disruption of compact chromatin fibers. We also discuss the behavior
of the H4 tail when multiple LYS sites are simulteneously acetylated.
35-Subg
Linker Histone Structural Transitions Upon Binding to DNA, Mononu-
cleosomes, and Oligonucleosomal Arrays
Jeffrey Hayes.
University of Rochester, NY, USA.
Linker histones are multi-functional proteins that stabilize higher order chroma-
tin structure and play a direct role in regulating gene expression. However the
mechanism(s) bywhichH1s fulfill these disparate functions is unclear.Metazoan
linker histones (H1s) exibit a three-domain structure including a shortN-terminal
domain, a conserved globular domain and an extended C-terminal domain
(CTD).While the globular domain is responsible for nucleosome-specific recog-
nition and binding, the chromatin-condensing functionality is primarily con-
tained within the CTD. This domain is unstructured in aqueous solution but
peptides derived fromvariousH1CTDs acquire secondary structures in presence
of helix-stabilizing solvents and other conditions thought to mimic the native
chromatin environment.We employed FRET to characterize potential structural
transitions within the CTD upon binding of H1 to nucleosomes and other native
binding targets. Our results indicate a significant condensation of the CTD, con-
sistent with folding of this domain, upon nucleosome binding (Caterino et al.,
2011 MCB 31:2341). Importantly, significant differences in both intra- and
inter-molecular FRET efficiencies indicate that H1 binds in a fundamentally dif-
ferent manner to linear DNA compared to nucleosomes (Fang, Clark and Hayes,
2012NAR40:1475). Likewise,CTDstructure appears distinctwhenH1 is bound
to nucleosomes with oliogonucleosomal arrays, where each nucleosome binding
site is flanked by authentic linker DNA connecting adjacent nucleosomes. These
results support amodel inwhichH1CTDundergoes a disordered->ordered tran-
sition upon binding nucleosomes, DNA, and nucleosome arrays and adopts dis-
tinct structures dependent on the particular macromolecular binding partner.
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Dynamics of Nucleosome Tails Studied by All-Atom and Coarse-Grained
MD Simulations
Mithun Biswas1, Karine Voltz1, Jeremy C. Smith2, Jo¨rg Langowski3.
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DNA in nucleosomes is sterically occluded and nucleosomes must open to
allow full DNA access. This process is significantly influenced by the histone
tails. Thus, here we studied the effect of histone tail modifications by all-atom
MD simulations with 100 ns trajectories of the full nucleosome. We find evi-
dence for an internal allosteric transition at the H2A-H3 interface induced by
the removal of either the H3 or the H2A N-terminal tail. DNA dynamics on
the histone core are studied by a new coarse-grained model; these simulations
show a strong influence of the presence of the histone tails on DNA unwrap-
ping, and an open state that can be stabilized by the displacement of the H3
tail into the gap between the DNA and the histone core.
37-Subg
Moving the Protein Folding Problem from the Test Tube to the Cell
Lila M. Gierasch, Ph.D.
Biochem. & Mol. Biology, University of Massachusetts Amherst, Amherst,
MA, USA.
Considerable progress has been made recently in our understanding of the
mechanisms of protein folding and aggregation in vitro. Moreover, research
in the last decade has implicated protein misfolding and aggregation in pathol-
ogies, such as Alzheimer’s, Parkinson’s, and other amyloid diseases. It is
clearly important to link our understanding of behaviors of polypeptide chains
in defined media to the successful maintenance of functional, folded proteins
in vivo and the consequences when proteins misbehave. We are tackling this
challenge using as a case study a predominantly b-sheet protein whose in vitro
folding we have explored in detail, cellular retinoic acid binding protein 1
(CRABP1). This talk will briefly review the in vitro folding landscape of
CRABP1 and how it suggests a functional conundrum: functionally important
properties of this protein cause it to be vulnerable to aggregation. A variety of
results point to the existence of a dynamic, near native state on the folding land-
scape of CRABP1 that is required for CRABP1 to bind and release is natural
ligand, retinoic acid, but also puts the protein at risk of aggregation. Next,
we will describe the development of reporter systems to observe folding and
aggregation of CRABP1 and other proteins in cells and what we have learned
about factors that influence in vivo folding and aggregation. Next, this talk will
describe our recent efforts to model the entire network of folding, aggregation,
and chaperone interaction networks in E. coli and how the balance of synthesis
rate, intrinsic folding/unfolding rates, chaperone availability and effectiveness,
and rate of degradation all contribute to the success of folding to the native
state, and if not, the extent to which aggregation will occur in vivo.Subgroup: Membrane Biophysics
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Regulation of K Channels by the G Protein Signaling System
Diomedes E. Logothetis, PhD.
Physiology and Biophysics, Virginia Commonwealth University SOM,
Richmond, VA, USA.
Over 25 years ago G protein inwardly rectifying Kþ (GIRK) channels were the
first effector shown to be activated by the bg subunits of G proteins (Gbg). Per-
fusion of atrial inside-out patches with purified Gbg subunits stimulated chan-
nel activity even when the cells had been treated with pertussis toxin that
functionally uncouples endogenous G proteins from receptor signaling. Fur-
thermore, the lack of stimulation of channel activity by the Ga subunits led
to the proposal that Gbg independently activates GIRK channels (Logothetis
et al., 1987). A decade later it was appreciated that GIRK channels required
the presence of phosphoinositides, such as PIP2, in order to be gated by Gbg
subunits or other gating molecules such as intracellular Naþ or alcohols (Sui
et al., 1998). In the following decade through the present times, crystal struc-
tures of the GIRK channels have been elucidated revealing the architecture
of full-length GIRK channels in the absence or presence of PIP2 (Nishida et
al., 1997; Whorton et al., 2011). Although attempts to obtain structures of
the channels in complex with Gbg have not succeeded thus far, insights on
the sites of Gbg and PIP2 action leading to channel gating are beginning to
emerge. Seeking to provide a more rigorous test of the hypothesis that Gbg
stimulates GIRK channel activity independently of the remaining components
of the system, we have successfully reconstituted the entire G protein signaling
complex with the channel into planar lipid bilayers. To our surprise the signal-
ing complex functioned equivalently in the bilayer as it did in excised patches
only when the entire complex was reconstituted (i.e. receptor, heterotrimeric G
proteins, and GIRK channel). The results obtained in the bilayer system put in
question the hypothesis that Gbg stimulates channel activity independently of
the other components of the signaling complex.
